Data processing
2.The pH in CO2-H2O binary system during the esterification reaction 2.1 CO2 -H2O binary system gas-liquid equilibrium 2 2 2 2ˆˆ;; 
Here, Φi k is the fractional fugacity coefficient of component i in the k-phase For a binary i, j gas mixture, the multicomponent virial equation for the fugacity coefficient simplifies to the following.
Here, Bij is the second virial coefficient, which can be expressed using mixing rules proposed by Smith (1975) 
Where Vc is the critical volume, Zc the critical compressibility, Tr the reduced temperature and w the acentric factor, K is to zero in the approximate calculation. 
Where x and y is the mole fraction of CO2 in the liquid phase and gas phase, respectively. The charge balance in the CO2-H2O system provides the following relationship.
pH values
[
In addition, the chemical equilibrium of water gives the equation below.
Finally, based on the chemical equilibrium of CO2 (included the primary and secondary ionization) we can write the following.
During the actual calculation process, it was found that the carbonate ion concentration is very small, and thus the effect of this variable on pH is minimal. Calculating the pH both including and neglecting the secondary ionization, the difference is less than 0.01. The following expression for [CO2 (aq)] can also be employed.
In this work, the model proposed by Mashall and Franck (1981) 
For an example, the conditions were temperature of 270 ℃, CO2 pressure of 3.0 MPa and the total pressure of 4.59 MPa, and the x and y can be calculated as follow. 1 represents CO2, and 2 represents H2O.
(1) The calculation of fugacity coefficient of CO2 We can obtain the saturated vapor pressure and specific volume of water at different temperatures from the water's physical handbook. The empirical model to calculate ion product of water developed by Marshall and Franck (1981) has the following form:
Where Kw is ion product of water with the unit of (mol/kg) 2 , ρw is the density of water (in g/cm 3 )( Table 2) , and T is temperature in K. The parameters, A-G, are listed in Table 3 . Similarly, we can calculate other pH values using the same method, and the results were summarized in Table 4 . Table 4 The pH values of the binary system CO2-H2O in esterification reaction.
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